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Method and apparatus for cooling heat-generating electronic components 
of radio base stations 

Technical field 

5 The present invention relates to a method and an apparatus for cooling heat- 
generating electronic components of radio base stations installed at elevated 
locations, such as mast-mounted radio base stations. 

Background of the invention 

1 0 Previously known high power radio base stations are normally provided with motor- 
driven cooling fans for cooling the hot electronic components thereof. Due to the 
use of movable components, such as motor-driven fans or ventilators, such radio 
base stations become bulky and heavy and require regular maintenance. Therefore, 
radio base stations of the kind in question are mostly mounted at low locations 

15 (near the ground) for easy access thereto. 

Thermosiphon cooling systems comprising a closed pipe circuit containing a self- 
circulating refrigerant and equipped with a lower evaporator and an upper condenser 
are well known for various general cooling purposes, wherein the refrigerant is 
20 brought into thermal contact with the heated parts to be cooled and thereby 

evaporates and flows to the upper condenser in which the vaporized refrigerant is 
condensated while emitting heat to die ambient air by means of cooling fins of the 
condenser. The condensated refrigerant then flows back to the evaporator due to 
higher density and gravity, and die process is then repeated automatically. 

25 

Previously known thermosiphon cooling systems usually operate with refrigerants 
generating high internal pressures in the closed pipe circuit. For example, when 
using amm onia as refrigerant, such high internal pressures as 30 bars may be gene- 
rated in the system, which calls for very rigid structures of the condensers and 
30 frames holding the condenser parts together. Condensers of existing thermosiphon 
systems are also characterized by having long transport distances for the heat of die 
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condensated refrigerant to the ambient outdoor air, and they require condenser 
structures which have a less efficient surface/volume ratio. Such condensers often 
need to be cooled by forced air ventilation by means of motor-driven fans. 



5 Summary of the invention 

It is an object of the invention to provide an improved method and apparatus for a 
reliable and efficient cooling of heat-generating electronic components of outdoor 
radio base stations of minimized size and weight, thereby enabling elevated and 
remote installation thereof, such as on poles, radio masts, house walls, etc., and 
10 an improved coverage/power ratio, and this without need of movable components 
requiring maintenance. 

For this purpose it is suggested in accordance with the present invention to use a 
maintenance-free thennosiphon cooling system especially developed and adapted 
15 for cooling electronic components of radio base stations of the kind mentioned 
above. 

According to the invention, a low-pressure generating medium is used as refrigerant 
in the closed, self-circulating thennosiphon system, and the condenser is construct- 
20 ed and installed for obtaining an efficient natural convection of ambient air through 
channels or spaces defined by adjacent outer plate surfaces of the condenser, and 
thereby a highly efficient surface/volume ratio for natural convection. The specific 
features of the method and the apparatus of the present invention are set forth in the 
appended claims. 

25 

Brief description of the drawings 

Fig. 1 is a schematic perspective view of a mast-mounted radio base station 
for a mobile communication system, equipped with a thennosiphon 
cooling system of the present invention; 
30 Fig. 2 is a schematic elevational view of the inner surfaces of two elongate 

plate strips having inclined ribs (only a few are shown), and forming 
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the main body of a condenser according to an embodiment of the 
invention; 

Fig. 3 is a schematic perspective view of a condenser body formed of 

assembled plate strips of Fig. 1, and bent into meander-like loops; 
Fig. 4 is a cross-sectional view taken along the line IV-IV in Fig. 5; 
Fig. 5 is an elevational view of a condenser configuration according to Fig. 3 

and illustrates partially an external trapezoid spacer member located 

inbetween adjacent loops; 
Fig. 6 is a cross-sectional view of a bent end portion of a meander-shaped 

condenser having both internal and external spacer members formed 

integrally with the plate strips; 
Fig. 7 is a schematic perspective view of another bending configuration of 

a condenser of the present invention; 
Fig. 8 is a plan view of an embodiment similar to that in Fig. 7 but illustrating 

two helically wound condenser bodies threaded coaxially into one 

another; 

Fig. 9 shows a section of a planar condenser body according to another 

embodiment of the condenser of the invention; 
Fig. 10 is a view of the condenser as seen in the direction of the aiTOw C 

in Fig. 9; and 

Fig. 11 is a view as seen in the direction of the arrow D in Fig. 9. 
Description of embodiments of the invention 

In Fig. 1, 1 generally denotes a radio base station for a mobile communication 
system mounted at a summit region of a mast 2. The radio base station 1 is provided 
with an inventive thennosiphon cooling system generally denoted 3 and comprising 
an evaporator 4 arranged in thermal contact with heated electronic components of 
the radio base station, to be cooled, a pipe 5 for leading an upflowing refrigerant 
vapour from the evaporator 4 to an upper condenser 6 constructed and arranged for 
natural convection of ambient air, and a pipe 7 for a return flow of refrigerant 
condensated in the condenser 6 to the evaporator 4. The evaporator 4, pipes 5 and 7 
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and the condenser 6 fonn a closed circuit for a low-pressure generating refrigerant 
which may self-circulate through the closed circuit in accordance with the general 
operating principle of a thermosiphon. A preferred low-pressure generating 
refrigerant for the thermosiphon cooling apparatus of the present invention is 
5 ethanol, which, when evaporated, generates a pressure in the order of about 0,6-1,00 
bars, i.e. a sub-pressure. Another low-pressure refrigerant which may be used is 
isobutane, even though it generates a slight over-pressure of a few bars. With a low- 
pressure thennosiphon cooling system, the tension or stress exerted on the conden- 
ser plates will be minimized, and hence the condenser may be built with a corre- 
1 0 spondingly less strength. 



Fig. 2 schematically illustrates two elongate strip-shaped condenser blanks 10,12 for 
a thennosiphon cooling system according to the invention. The blanks may consist 
of thin, surface-enlarging aluminum plates which are provided with ridge-shaped 

15 spacer members 14,16 for holding the plates 10,12 mutually separated a prede- 
termined distance of a few millimeters when assembling the same before sealing the 
respective long and short side edges thereof to form a closed, flat tubular body 
configuration by means of a suitable fastening method, such as welding, brazing, 
etc. The inner spacer members 14, 16 preferably cross each other in the flat tubular 

20 body. At least one 12 of the plates may be provided with upper and lower, longi- 
tudinal grooves or channels 17 allowing the refrigerant to flow in a gaseous or 
vaporized form between and along the plates 10,12. In lieu of ridge-shaped spacer 
members integrally formed in the plate strips, the internal spacer members may be 
formed as bosses impressed in the surface plates, as schematically shown in Fig. 1. 

25 

The plates 10,12 should have excellent thermal conduction and structural strength 
properties and have a thickness preferably less than about 1 mm so that the flat 
tubular body can be produced in a single continuous process. The flat tubular body 
18 is provided with one or more upper inlets (indicated at the arrow A in Fig. 3) to 
30 be connected to the pipe 5 for the vaporized refrigerant from the evaporator 4 in the 
thennosiphon cooling circuit 3, and one or more lower oudets B (Fig. 3) for leading 
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the refrigerant condensated in the condenser 6 back to the evaporator 4 in the radio 
base station via the pipe 7. 

In order to obtain a surface/volume-efficient configuration of the condenser 6 suit- 
5 able for natural convection in a thermosiphon cooling system for cooling electronic 
components of mast-mounted radio base stations without use of fans or ventilators, 
the flat tubular body 18 is bent into a meander-shaped condenser configuration 
having a plurality of loops with opposite, parallel wall surface sections which are 
held mutually separated a certain distance which is optimized for natural convection 
10 by means of separate, external spacer members 20 of e.g. trapezoid profile, as is 
partially shown in Fig. 5. A suitable distance is about 10-40 mm, preferably about 
15-20 mm. The spacer members 20 may be attached to the opposite surfaces of the 
flat tubular body 18 by br azin g or other bonding process. The spacer members 20 
also form surface-enlarging cooling fins which improve the thennal transfer to the 
15 ambient air. Owing to the surface-enlarging spacer members 20, the need of bent 
surface plates cont ainin g refrigerant is reduced. The distance a between adjacent 
oblique surfaces of the trapezoid spacer members 20 (Fig. 5) may be about 10-40 
mm. 

20 Another embodiment of a flat tubular body 18' for forming a condenser having 

integral internal and external spacer members is shown in Fig. 6. The tubular body 
18' is formed by plate strips 10\12\ having along the length thereof sections of 

4 

alternative low ridges 14' facing in one direction, and high plate folds 22 facing in 
the other direction. When assembling the plate strips 10', 12', the low ridges 14' will 
25 fonn the internal spacer members between the plate strips, while the high plate folds 
22 form the external spacer members, which form surface-enlarging cooling fins 
and maintain a desired distance between the loops of the meander-shaped condenser 
body similar to the one shown in Fig. 3 and 5 . 

30 Alternatively, the condenser body of the thennosiphone cooling system of the 

present invention may be fomed by helical winding of the flat tubular body, such as 
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schematically shown in Fig. 7, where the condenser 6' is shown supported by a U- 
shaped retainer 24 fixated by brackets 26. An outer layer of the helically wound flat 
tubular body 1 8" is shown linearly extended and provided with internal spacer 
members 14" and upper and lower refrigerant ports A and B. 

0 

A particular volume-efficient assembly of the embodiment of Fig. 7 is shown in 
Fig. 8, where the helical winding is such that two (or more) helically wound flat 
tubular bodies 18" may be threaded coaxially within one another. In the embodi- 
ments of Fig. 7 and 8, external spacer members like those in Fig. 5 and 7 may be 
10 used. 

4 

The shape of the internal and external spacer members may be varied in many ways 
within the scope of the invention, as well as the configuration of the bending of the 
surface-enlarging flat tubular body. Thus, other configurations of zigzag or meander 
15 loops may be applied, wherein adjacent layers of the condenser body follow each 
other in parallel. 

In Fig. 9-11 there is shown a further embodiment of the condenser 6", wherein two 
surface plates 10", 12" are held fixated at a small mutual distance by means of two 
20 superimposed wave-shaped spacer elements 14", 16", where the waves are square 

(or sinusoidal) and run transversely to one another, such as shown in Fig. 10 and 1 1. 

In order to achieve best possible natural convection of air through the condenser, 
the surface plates thereof are orientated substantially vertically. The height of the 
25 condenser is preferably about 20-50 cm, and the distance between adjacent vertical 
outer surfaces of the flat tubular condenser chamber is about 10-40 mm, preferably 
about 15-20 mm. 



30 



A solar radiation protection shield (not shown) may surround the condenser so as to 
prevent the latter from being heated by solar rays. Such a protecting shield may also 
improve the natural convection of air through the condenser in that the shield 
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creates a chimney effect. In summary, in contrast to existing thennosiphon 
condensers comprising pipes with lamellae or frame with fins, the condenser of the 
present invention features a short heat transfer distance between the condensing gas 
and the ambient air, making it possible to use naturally cooled condensers also in 
5 hot climate zones, for cooling heat-generating electronic components of radio base 
stations. Thus, no motor-driven fans are required. Due to the fact that the thermo- 
siphon cooling system of the present invention operates with a low-pressure 
refrigerant, the forces acting on the condenser surface plates are minimized. 
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Claims 



1. Method of cooling heat-generating electronic components of radio base stations 
(1) installed at elevated locations, such as mast-mounted radio base stations, 

5 comprising the step of cooling said components by means of a thermosiphon 

cooling system (3) including a closed pipe circuit (5,7) containing a self- 
circulating low-pressure generating refrigerant and equipped with a lower means 
(4) for evaporating the refrigerant when in thermal contact with the hot compo- 
nents to be cooled, and an upper condenser (6;6';6") for condensation of the 

10 evaporated refrigerant, and constructed and mounted for natural convection of air 

therethrough at a summit portion of the pipe circuit (5,7) outside and above the 
radio base station (1). 

2. Method according to Claim 1, wherein ethanol is used as refrigerant. 

15 

3. Method according to Claim 1, wherein isobutane is used as refrigerant. 

4. Apparatus for cooling heat-generating electronic components of radio base 
stations (1) installed at elevated locations, such as mast-mounted radio base 

20 stations, characterized by a thermosiphon cooling system (3) including a closed 

pipe circuit (5,7) containing a self-circulating low-pressure generating refrigerant 
and containing a lower means (4) for evaporating the refrigerant when in thermal 
contact with the hot components to be cooled, and an upper condenser (6;6';6") 
for condensation of the evaporated refrigerant, and constructed and mounted for 

25 natural convection of air therethrough at a summit portion of the pipe circuit (5,7) 

outside and above the radio base station (1). 

5. Apparatus according to Claim 4, characterized in that the condenser (6;6';6") 
comprises at least one essentially flat tubular body (18; 18'; 18") defined by a pair 

30 of closely separated, thin surface plates (10,12;10\12';10'\12") orientated 

substantially vertically and folded or wound into a plurality of adjacent layers so 
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as to obtain a condenser configuration having a highly efficient surface/volume 
ratio for natural convection, said flat tubular body (18; 18'; 18") having an upper 
inlet (A) for evaporated refrigerant and a lower outlet (B) for refrigerant 
condensed in the condenser. 

5 

6. Apparatus according to Claim 5, characterized in that the height of the 
condenser (6;6';6") is about 20-50 cm. 

7. Apparatus according to Claim 4 or 5, characterized in that the distance between 
10 adjacent vertical outer surfaces of the flat tubular body is about 10-40 mm, 

preferably about 15-20 mm. 



8. Apparatus according to anyone of Claims 5-7, characterized in that the flat 
tubular body is curved into meander-like loops having substantially parallel 

1 5 opposite surface plates . 

9. Apparatus according to anyone of Claims 5-7, characterized in that the flat 
tubular body is curved into a helically wound condenser body (18"). 

20 10. Apparatus according to Claim 9, characterized in that the flat tubular body is 
helically wound with a pitch allowing for a correspondingly wound condenser 
body (18") to be coaxially threaded into it. 

11. Apparatus according to anyone of Claims 5-10, characterized in that the 
25 surface plates (10, 12; 10', 12') are held closely separated by internal spacer 

members (14,16;14';14") integrally fonned in the plates. 

12. Apparatus according to Claim 1 1, characterized in that the spacer members 
(14,16) are fonned as ridges extending in an oblique angle relative to the flow 

30 direction of the refrigerant through the condenser (6). 
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13. Apparatus according to Claim 12, characterized in that the ridges (14) formed 
on the inner surface of the one surface plate (10) cross the ridges (16) formed on 
the opposite inner surface of the other plate (12). 

14. Apparatus according to anyone of Claims 5-11, characterized in that the spacer 
members are fonned as bosses impressed in the surface plates. 

15. Apparatus according to anyone of Claims 5-14, characterized in that a solar 
radiation protecting shield surrounds the condenser. 



WO 99/60709 



PCT/SE99/00836 



1 /3 




0 






A 





FIG.2 



I 




□ 




•B 



FIG. 3 



•16, ,12 ,18 




1 ^FIQ. 4 10 




B 



FIG.5 



SUBSTITUTE SHEET (RULE 26) 



WO 99/60709 



PCT/SE99/00836 



3 /3 




C 



t FIG.9 



D 



FIG. 10 



12' 



16 



If 



—14 



12 



<16' 



FIG.11 



To? 



SUBSTITUTE SHEET (RULE 26) 



1 



INTERNATIONAL SEARCH REPORT 


International application No. 

PCT/SE 99/00836 


A. CLASSIFICATION OF SUBJFCf MATTER 



IPC6: H04B 1/036, H05K 7/20, F28D 15/02, F25B 23/00 

According to International Patent Classification (IPC) or to both national classification and IPC 
B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 

IPC6: F28D, F25B, H05K, H04Q, H04B 

Documentation searched other than 1 minimum documentation to the extent that such documents are included in the fields searched 

SE,DK,FI,N0 classes as above 

Electronic data base consulted during the international search (name of data base and t where practicable, search terms used) 



C. DOCUMENT S CONSIDERED TO BE RELEVANT 



Category * 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


X 


DE 3740357 Al (SIEMENS AG), 8 June 1989 (08.06.89), 
column 1, line 1 - line 36, figure 1, and 
belonging text 


1,4 


Y 




5 


Y 


US 5729995 A (M. TAJIMA), 24 March 1998 (24.03.98), 
column 3, line 60 - column 4, line 45, figures 1-3 


5 


Y 


FR 1096054 A (E.F. SCHWELLER ET AL), 8 June 1955 
(08.06.55), the whole document 


5 



[3 Further document, arc listed ir, the continuation of Box C. Q See patent family annex. 



fc Special categoric* of a ted documents: 

"A" document defining the general slate of the art which is not considered 
to he of particular relevance 

"!*" crlicr document hut published on or after the international filing date 

*!." document which may throw doubts on priority claim(s) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

"()" document referring to an oral disclosure, use, exhibition or other 
means 

T" document published prior to the international filing date but later than 
the priority dale claimed 



T" later document published after the international riling date or priority 
date and not in conflict with the application but cited to understand 
the principle or theory underlying the invention 

"X" document of particular relevance: the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

" Y" document of particular relevance: the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the art 

document member of the same patent family 



Date of the actual completion of the international search 

24 SeDt 1999 


Date of mailing of the international search report 

2 7 -09- 1999 


Name and mailing address of the ISA 

Swedish Patent Office 

Box 5055, S-102 42 STOCKHOLM 

Facsimile No. +46 8 666 02 86 


Authorized officer 

Inger Lofving / MR 

Telephone No. + 46 8 782 25 00 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/SE 99/00836 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



EP 0751365 A2 (ACTRONICS KABUSHIKI KAISHA ET AL) , 
2 January 1997 (02.01.97), column 9, 
line 36 - column 11, line 15, figures 1-7 



W0 9734432 Al (MOTOROLA LIMITED), 18 Sept 1997 
(18.09.97), page 1 - page 2 



1,4 



GB 2329012 A (SAMSUNG ELECTRONICS CO LIMITED), 
10 March 1999 (10.03.99), the whole document 



1,4 



US 5647430 A (M. TAJIMA), 15 July 1997 (15.07.97) 



1-15 



DE 3031698 Al (GQTZENBERGER, R.), 4 March 1982 
(04.03.82) 



1-15 



US 5343940 A (A. JEAN), 6 Sept 1994 (06.09.94) 



1-15 



DE 2534442 Al (LINDE AG), 10 February 1977 
(10.02.77) 



1-15 



DE 3014506 C2 (CHAFFOTEAUX ET MAURY S.A.), 
31 October 1985 (31.10.85) 



1-15 



l-'nrm PCI' 1SA.2K) (continuation of second sheet) (July 1992) 





INTERNATIONAL SEARCH REPORT 




International application No. 




Information on patent family members 
















30/08/99 


PCT/SE 99/00836 




Patent document 




Publication 




Patent family 




Publication 


cited in search report 




date 




mcmber(s) 




H sifp 


OE 


3740357 


Al 


aa /#\/* /aa 

08/06/89 


iinur 

NUNt 








Uo 




A 


24/03/98 


DE 


19610851 


A 


26/09/96 










Jr 


8264695 A 


11/10/96 


FR 
rrv 




A 


08/06/55 


NONE 








FP 


0751365 


A2 


02/01/97 


JP 


9014875 


A 


17/01/97 


WO 


9734432 


A 1 

Al 


1 O /AO. /Q*7 


GB 


2298995 


A 


18/09/96 










GB 


9504591 


D 


00/00/00 


GB 


2329012 


A 


10/03/99 


CN 


1220575 


A 


23/06/99 










rp 


9819613 D 


ftfi /fin /nn 


Uo 




A 


15/07/97 


nc 
Uh 


19610853 A 


/Art /rtt 

26/09/96 










in 


8264692 A 


11 /i a tc\r 

11/10/96 


DE 


3031698 


Al 


04/03/82 


NONE 








US 


5343940 


A 


06/09/94 


NONE 








OE 


2534442 


Al 


10/02/77 


BE 


844628 


A 


28/01/77 










FR 


2319868 A,B 


25/02/77 










GB 


1550123 


A 


08/08/79 










in 
JP 


52018243 


A 


1 A /A O /1"7 

10/02/77 










US 


4124069 A 


ATF /1 1 /Irt 

07/11/78 


DE 


3014506 


C2 


31/10/85 


AT 

A! 


202980 


A 


1 C /AC /O ^ 

15/05/82 










AT 
A I 


369533 


B 


1 A / A 1 /O O 

10/01/83 










DC 
DC 


882920 


A 


1^ /1 A /OA 

23/10/80 










on 


8002561 


A 


Aft /1 /OA 

09/12/80 










Ln 


635922 


A 


Oft/AJI /O ^ 

29/04/83 










CD 

rK 


2455260 


A,B 


11 /1 1 /OA 

21/11/80 










FR 


2468094 


A,B 


30/04/81 










GB 


2048452 


A,B 


10/12/80 










IT 


1175394 


B 


01/07/87 










IT 


8009414 


D 


00/00/00 










JP 


55143385 


A 


08/11/80 










LU 


82393 


A 


02/12/81 










NL 


8002250 


A 


28/10/80 










PT 


71112 


A 


01/05/80 










US 


4655174 


A 


07/04/87 










FR 


2470945 


A 


12/06/81 





l ; orm PCX ISA 210 (patent family annex) (July 1992) 



